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ABSTRACT 


The  need  is  cited  for  an  efficient,  easily  constructed  broad-band  V LF 
transmitting  antenna  for  ionospheric  c  d  other  research.  A  multicon¬ 
ductor  horizontal  dipole  is  investigated  experimentally  and  theoretically. 
The  radiated  E-field  equations  are  derived  for  the  terminated  dipole, 
and  field- strength  measurements  made  out  to  1400  km  confirm  the  equa¬ 
tions,  Two  such  dipoles  (a  5-conductor  over  soil  of  16  mmho/m  conduc¬ 
tivity,  and  another  with  10  conductors  over  a  lava  bed  of  0.8  mmho/m 
conductivity)  were  constructed  in  the  California  desert.  Measurements 
made  yielded  design  data:  impedance  measurements  to  obtain  propagation 


J 


_ 3  _ ,  .  .  1 

lCUglll,  dllU  nmiUdi 


tori  stic  impedances.  Methods  of  improving  efficiency  of  the  horizontal 
dipole  arc  discussed. 
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E  R  B  A  T  A 

NOI  C  Report  6  3C,  BROAD -BAND  VLF  TRANSMITTING  TERMINATED 
DIPOLE,  by  E.  W.  Seeley,  Re  scorch  Department,.  Naval  Ordnance 
Laboratory,  Corona,  California,  7  February  1966, 

Use  pen  and  ink  to  make  the  following  corrections. 


Page  Cor  re  cti  o n 

Abstract . c  .  In  sixt'i  line,  change  "5-conductor" 

to  read  "10~conduc1oru" 

In  seventh  line,  change  "10  conductors 
to  read  "5  conductors." 


5,  LAVA-BED  ANTENNA-  ....  In  second  line,  change  "0,8U/m"  to 

read  "0.8  rnmho/m," 

8,  MULTIPLE  CONDUCTORS  .  ,  Change  third  sentence  to  read 

"Measurements  of  the  radiated  field 
strength  of  five  conductors  at  123km 
range  showed  that  the  efficiency  was 
five  times  that  of  the  single  conductor 
with  t1  same  input  power." 


INTRODUCTION 


An  efficient,  easily  constructed  broad-band  V  LF  antenna  is  needed 
for  (I)  ionospheric  physics  research;  (2)  V  LF  propagation  studies  such 
as  vertical  and  oblique  sounding  of  the  ionosphere,  where  it  is  important 
to  transmit,  nearly  simultaneously,  frequencies  across  the  V  LF  band; 

(3)  world-wide  communication;  and  (4)  world-wide  time  standard. 

There  are,  at  present,  no  very  efficient  broad-band  VLF  antennas; 
the  most  efficient  are  the  Navy  communications  antennas.  These  are 
large,  top-loaded  monopoles,  which  at  best  are  50  percent  efficient, 
have  a  very  narrow  (0.4  percent)  bandwidth,  and  cost  approximately 
$100  rnilLon  each.  Obviously,  the  cost  places  such  antennas  out  of 
reach  of  the  low-budget  experimenter. 

This  report  discusses  a  horizontal  dipole  antenna  that  is  easily  con¬ 
structed  and  can  be  made  very  broad-band  and  moderately  efficient. 

Some  experiments  performed  with  an  antenna  of  this  type  are  described 
in  subsequent  paragraphs. 

RADIATED  FIELDS 

The  field  radiated  by  a  conductor  in  free  space,  with  uniform  current 
distribution  along  its  incremental  length,  is 

^  .  60tt(11)  .  x 

Eh  =  1-RTf'n*  (1 


w  her  is 


horizontally  polarized  E-field 


=  antenna  current 


-  unit  length 

-  range 

=  wavelength 

"  angle  from  conductor  axis 
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With  the  conductor  brought  down  to  a  practical  operating  height,  the 
radiated  field  must  be  modified  by  the  earth's  reflection  coefficient.* 

In  the  elevation  plane 


IT 


.  60tt 


/  y  $\( _ _ \ 

U  +  sin*/ 


r*  J  „  A 


/  -> 


) 


where 


in  which  CQ  is  the  dielectric  constant  of  free  space  and  <r  is  the  conduc¬ 
tivity  of  the  soil. 

For  an  antenna  of  finite,  length  the  propagation  constants  of  the  con¬ 
ductor  over  earth  must  be  considered.  The  increment  il  current  moment 
U  is  summed  over  the  antenna  length,  L,  by 


In  the  t.  srm 

p  =  -il _ 

v  =  wave  velocity  along  antenna 
c  =  wave  velocity  in  free  space 

*  Golden,  R.  M..,  A.  S.  MacKiillan,  and  W.  V.  T,  Rusch,  "A  VLF 
Antenna  for  Generating  &  Horizontally  Polarized  Radiation  Field," 
Technical  Report  No.  2,  Contract  AF  1 8(600)1*352,  California  Institute 
of  Technology  (lO  July  1957).  Wait,  J.  R,,  "The  Electromagnetic  Fields 
of  a  Horizontal  Dipole  in  the  Presence  of  a  Conducting  Half-Space, 11 
Can.  J.  Phys.,  Vol.  39  (1961),  pp.  1017-28. 
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Therefore 


IZOttI. 


U  sin  4>  -qL  ^  1 
i _  e _ e _ 

.  ^  i  n  .4,  \  . .  >  ;  /  n 


-j(P  ,  ~P  COS  4>)L 


K\iu  +  sin  <p;  ^  a  t  j  {  -  p  cos  ^  j 


is  the  radiated  field  an  tlac  elevation  plane  from  a  conductor  over  the 
ground,  end-fed,  and  terminated  in  its  characteristic  impedance. 

A  dipole  may  be  formed  with  two  such  conductors  laid  in  opposite 
directions  from  the  feed  point.  An  extra  term  must  be  added  to  Eq.  4 
for  the  radiated  field 


1  20ttI.  U  s  i  n  <p  f  -  a  L  l"*3  cos 

in  lee  -  1 


R\(U  +  sin  4>)  a  +  j/pj  -  P  cos  4> 


-aL  “j^i  +  ^cos 
e  e  -  1 

a  +  j/P1  +  P  cos  4>\ 


This  hoiizontally  polarized  radiated  field,  commonly  called  the  sky  wave, 
is  zero  in  the  horizontal  plane.  The  vertically  polarized  ground  wave 
present,  in  the  horizontal  plane  can  be  derived  in  a  similar  manner;  how¬ 
ever, the  reflection  coefficient  term  is  just  2U  in  the  case  of  the  ground 
wave  anu  maximum  radiation  is  off  the  end  of  the  conductor. 

Therefore,  the  radiated  field  for  an  end-fed  antenna  is 


IZOttI.  U 

*  ln  o  « 

r,  “  -  ) - “■ - ccs  0  - 


■  a.L  ‘.iMPj-P  cos  0) 
e 

a  +  j -  pcoroj 


For  a  dipole  terminated  in  its  characteristic  impedance  the  ground-wave 
field  is 

>  r  -jUpT  -a  cos  o) 

IZOttI.  U  cos  0  j  -aL  J  ; 

in  !ee  -  1 


a  4”j7p1  -  P  cos-  dj 


-jL(p  +p  cos  0) 
-  a  L  1 

e _ e _ 

a  +  jfP^  f  Pcos~0^ 


ANTENNA  PATTERNS 


The  above  equations  were  programmed  for  the  computer  and  several 
patterns,  normalized  to  120tt1/K,  were  computed  for  specific  antennas. 
Figure  1  shows  the  shape  of  the  elevation  pattern  of  a  terminated  dipole 
10  km  in  length  that  will  be  constructed  on  the  Island  of  Hawaii  for  long- 
range  propagation  measurements.  Figure  2  gives  the  azimuth  pattern 
of  that  antenna,  and  Table  1  lists  its  propagation  constants. 


TABLE  1.  Propagation  Constants 
for  Island  Dipole 


f(kc) 

cr(u/ m) 

V 

c 

10 

0.4  X  10'3 

0.6 

20 

0.43  X  10_J 

0 . 6 

,  -3 

30 

0.50  X  10 

0.6 

The  elevation  and  azimuth  patterns  of  an  end -fed  dipole  antenna  laid 
on  a  lava  bed  in  the  California  desert  are  given  in  Figs.  3  and  4,  respec¬ 
tively.  Table  2  contains  the  measured  propagation  constants  and  soil 
conductivity. 


TABLE  2.  Propagation  Constants 
for  Desert  Dipole 


f(kc) 

<r(u/m) 

V 

c 

10.9 

0.8  X  10"3 

0.72 

20.6 

0.9  X  10"3 

0.73 

32.7 

l.o  x  io'3 

_ i 

0.76 

FIELD- SITE  ANTENNA 


When  study  of  the  problem  of  radiating  V  LF  way  first  begun,  meas¬ 
urements  were  made  on  a  short  dipole  (Z  km  lung)  lying  on  the  ground 
near  the  California  desert  NOEC  field  site.  Impedance  and  radiation 
measurements  were  made  to  determine  certain  parameters  of  horizontal 
dipoles  located  on  or  near  the  ground.  In  general,  the  efficiency  was 
found  to  be  vory  low — on  the  order  of  a  few  thousandths  of  a  percent  — 
compared  with  that  of  a  perfect  monopole,  but  the  efficiency  way 
increased  about  10  times  when  10  dipoles  wore  laid  parallel.  Mutual 
impedance  between  conductors  tends  to  reduce  the  overall  antenna  effi¬ 
ciency.  Mutual  impedance  measurements  indicated  only  a  few  ohms  when 
the  uipules  V/ crf'  about  100  ft  apart  (Fig.  5). 

The  grounded  antenna  propagation  constants  were  determined  to  be 
approximately  5  percent  loss/km,  and  v/c  of  0.5;  the  latter  increased 
to  0.63  when  the  antenna  was  elevated  6  in.  The  characteristic  imped¬ 
ance  for  a  single- conductor  antenna  was  approximately  300  12  when  lying 
on  the  ground;  because  of  low  mutual  impedance  Zm,  the  impedance 
decreased  linearly  when  additional  dipolos  were  connected  in  parallel. 

The  ground  conductivity  or  war  determined  to  be  16  minho/m,  which  is 
disadvantageous  for  the  horizontal  dipole. 


LAVA-BED  ANTENNA 


Conductivity  measurements  were  made  on  a  lava  bed  15  mi.  north  of 
the  NOLC  field  site  and  the  cr  was  20  times  lower  (0.8  u/m)  than  at  the 
field  site.  A  five  -  conductor  antenna  4.4  km  long  was  constructed  on  the 
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mined  that  the  conductors  should  be  placed  500  ft  apart  to  minimize 
mutual  impedance  to  a  few  ohms/km. 


Impedance  measurements  over  the  V LF  band  gave  the  propagation 
constants  needed  to  compute  the  radiated  field  patterns.  The  character¬ 
istic  impedance  was  about  320  Q  when  the  conductor  was  on  the  lava  and 
500  £2  when  it  was  elevated  4  ft.  The  wave  velocity  along  the  antenna  was 
0.43c  when  the  antenna  was  down,  and  0.74c  when  elevated. 


Current  attenuation  along  the  elevated  antenna  was  determined  to  be 
approximately  50  percent  less  than  when  it  was  lying  on  the  ground  (see 
Fig.  6). 

Radiated  field  strengths  during  daylight  hours  were  measured  off  the 
end  of  the  antenna  at  approximately  100  km  int  rvals  to  a  total  range  of 
1400  km  (Fig.  7).  The  signals  were  measuicd  at  the  maximum  range  of 
1400  km  by  using  an  audio  -  arnplific  r  driver  applying  300  w  into  the 
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antenna.  The  usual  interference  between  the  ground  wave  and  sky  wave 
that  mavises  a  null  at  2  0  Q  — 300  km  range  is  changed  somc'vhat  by  the  sky 
wave  leaning  toward  the  horizon  at  the  higher  VLF  frequencies.  A  deep 
interference  null  at  300  km  is  evident  in  the  10.9  kc  propagation  curve; 
at  the  20.6  and  3  2.7  kc  frequencies,  the  nulls  have  been  displaced  to  a 
higher  range. 

The  equations  derived  earlier  in  this  report  were  used  to  compute 
the  ground -wave  field  strength  at  4  3  kni  range,  where  the  ground  wave 
was  predominant.  It  is  noted  from  Table  3  that  the  computed  values  are 
in  close  agreement  with  the  measurea  values. 


TABLE  3.  Radiated  Field  Strength 
of  Lava-Bed  Antenna 


Antenna 

f(kc) 

Theoretical 

Measured 

Radiation 

Oiv/m) 

(kv/  111) 

Ground  Wave 

10.9 

60 

68.6 

(4  3  km  range) 

20. 6 

139 

148 

32.7 

248 

220 

Sky  Wave 

10.9 

1 .76 

1.3 

(1400  km  range) 

20.6 

3.96 

4.0 

32.7 

6.96 

2.0 

The  sky-wave  field  strengths  at  1400  km  range  were  computed;  as 
might  be  expected,  the  equations  do  not  hold  for  great  distances.  How¬ 
ever,  close  agreement  exists  between  theoretical  and  measured  field 
strengths  at  the  lower  range  of  VLF  frequencies,  but  not  at  the  higher. 

In  Table  4,  the  field  strengths  of  four  antennas,  including  the  lava-bed 
dipole,  are  compared  with  those  of  a  perfect  quarter-wave  monopole  to 
determine  the  comparative  efficiency  of  the  lava-bed  dipole.  The  power 
radiated  by  a  perfect  k/ 4  monopole  is 


P 

r 


EvRV 


,9500, 


where  Ev  is  measured  in  |iv/m  and  R  in  km. 


TAB  LH  4s  Lava-Bed  Ant enn?  Lfficioncy 


Antenna 

f(kc) 

0 

d  ?j/m) 

n  (percent) 

(Mm a  sur  k 

-2 

0.0023 

Desert  Floor: 

50.  5 

1 .6  > 

1  0 

2  km  length., 

1  0  conduct  or  s , 
center  fed, 
h  -  0.15  m 

i 

Dos e  r t  La v  a  Bed: 

10.9 

7  X 

10'4 

0.0  3  i 

‘1.4  km  length, 

20.6 

8  x 

10-4 

0.15 

5  conductors, 

-  4 

0.35 

Cl 

il 

rv 

32.7 

9  X 

10 

Hawaiian : 

10.9 

4  x 

io'4 

0.225 

l 

10  km  length, 

20.6 

4.3  X 

.0-*  : 

!  !  a. 

o  conductors, 

,  -4 

5.09 

ce titer  fed, 
h  =  0 

32.7 

4.8  X 

1  0 

-  4 

1.14 

Sierra  Nevadas: 

10.9 

0.79  X 

10 

10  kin  length, 

20.6 

1  .1  0  X 

1 

O 

5.55 

6  conductors, 

-4 

1  7.80 

Cent  cr  fed, 
h  =  0 

32.7 

1  .37  X 

10 

The  Hawaiian  Island  dipole  is  being  built  tor  use  in  the  VLF  propagation 
study  program  when  10  frequencies  over  the  VLF  band  will  be  transmitted 
almost  simultaneously.  The  increase  in  efficiency  of  this  and  the  antenna 
in  the  Sierra  Nevada  Mountains  near  Court  right  Hake  (east  ot  Fresno, 
California)  is  attributed  to  the  lower  soil  conductivity  (cr)  and  the  longer 


antenna  lengms, 


as  cum  pa  i  ed  w  1 1  h  t  h 
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IMPROVEMENT  OF  ANTENNA  BANDWIDTH 
AND  EFFICIENCY 

In  addition  to  locating  the  antenna  over  an  area  of  the  lowest  possible 
soil  conductivity  and  terminating  it  in  its  characteristic  impedance  lor 
broad  bandwidth,  other  methods  are  available  for  improving  its  efficiency. 
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PARALLEL  CONDUCTORS 
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by  lowering  the  input  impedance  —  in  this  case,  the  antenna's  character¬ 
istic  impedance  ZQ.  This  can  be  accomplished  effectively  by  using 
parallel  conductors,  but  only  if  the  spacing  between  the  conductors  is 
sufficient  to  minimize  mutual  resistance.  At  VLF,  this  spacing  is  100 
to  1000  fir  depending  upon  soil  conductivity  —  the  lower  the  cr,  the  greater 
must  be  th  pacing  to  maintain  Zm  below  a  few  ohms/km.  When  the 
conductor  is  elevated  slightly,  Zm  is  greatly  reduced  (Fig.  5). 


MULTIPLE  CONDUCTORS 

The  advantage  of  vising  multiple  parallel  conductors  is  shown,  in  Fig. 

8,  which  shows  the  input  impedance  Zjn  of  a  single  conductor  compared 
with  that  of  fiv-*  conductors.  The  Zjn  of  the  latter  is  one-fifth  that  of  the 
single  '  onductor.  Measurements  showed  that  the  radiated  field  strength 
of  five  conductors  at  123  km  range  was  five  times  that  of  the  single  con¬ 
ductor,  with  the  same  input  power.  Although  increasing  the  number  of 
conductors  increases  the  antenna  efficiency,  diminishing  returns  may 
be  expected  when  using  more  than  10  conductors  because  of  the  large 
amount  of  wire  required. 


GROUND- LEVEL  CONDUCTOR 


Another  method  of  increasing  antenna  efficiency  is  to  lay  the  conductor 
along  the  ground  —  thereby  increasing  the  conduc.tor-to-ground  capac  tance 
and  lowering  the  ZQ.  In  an  experiment  with  a  single  conductor  4.4  1  m 
long  laid  on  the  lava  bed,  the  radiation  efficiency  at  30  kc  was  one  and 
one-half  times  greater  than  when  the  conductor  was  elevated  4  ft.  For 
the  latter,  the  500  £1  ZQ  was  more  than  one  and  one-half  times  the  320 
ZQ  of  the  conductor  on  the  ground. 


The  current  attenuation  is  greater  when  the  antenna  is  on  the  ground; 
however,  for  an  antenna  4  to  5  km  in  length  the  efficiency  increase 
resulting  from  the  lower  ZQ  is  much  greater  than  the  efficiency  loss 
caused  by  the  lowering  of  the  average  antenna  current.  For  very  long 
conductors,  a  limit  to  the  gain  in  efficiency  of  the  ground-level  ante  ana 
is  reached  at  the  high  end  of  the  VLF  band.  In  any  case,  the  antenna 
usually  must  be  elevated  to  prevent  animals  from  damaging  the  conduc¬ 
tors. 


CAPACITANCE  LOADING 

Another  method  of  increasing  efficiency  is  by  loading  the  conductor 
with  capacitors  in  series;  because 
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this  will  reduce  conductor  inductance  and  lower  ZQ.  Although  this 
method  has  not  been  investigated  fully,  it  is  likely  that  the  limiting  fac¬ 
tor  may  be  a  reduction  in  bandwidth. 

Large  bandwidth  possibly  may  be  obtained  by  the  stagger -tuning  of 
multiconductor  dipoles  of  varied  lengths.  However,  in  locations  where 
the  soil  conductivity  is  very  low,  it  may  be  difficult  to  ground  the  antenna 
in  its  characteristic  impedance. 


CONCLUSIONS 


The  horizontal  dipole,  with  modifications  recommended  in  this  report, 
is  a  useful  V  LF  transmitting  antenna  for  research  in  ionospheric  physics, 
world-wide  navigation  systems,  world-wide  time  standard  system,  and 
the  like.  Such  an  antenna  is  easily  constructed  and  can  be  made  very 
broad -band  and  reasonably  efficient. 
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FIGURE  1.  Elevation  Pattern  for  Hawaiian  Island  Dipcle 
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FIGURE  3,  Elevation  Pattern  for  Lava-Bed  Antenna 


0OO  DEG 


13 


frequency:  33  kc 


CONDUCTOR  SPACING  (FT) 

FIGURE  5.  Mutual  Impedance  of  Two- Conductor  Dipole 
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FIGURE  7.  Propagated  Field  Strength  of  Lava-Bed  Antenna 
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FIGURE  8.  Resistance  and  Reactance  of  Lava-Bed  Antenna 


Security  Classification  U  NG  LASSIF1ED 


DOCUMENT  CONTROL  DATA  •  R&D 

fSprurUv  r  Immm  itiemtion  of  title  ftorfv  nt  ahstrm(  t  end  mrlestnfi  mnnotmtt^rt  moat  tie  entered  ufien  the  overall  tepnrt  rj  i  Unsifted' 


1  ORIGINATING  AC  T  I  VI*  V  (Corpora*!*  mu  th  or  I  2«  RtPORt  StCURlTV  C  i  MSirir.it! 

tv.  ,  n  ,  ,  .  UNCLASSIFIED 

iN.ival  (JnlnniK e  Labor.itoiv  - - - 

2  h  q h our 

Curuna,  California 


?  report  title 

BROAD-BAND  VLF  TRANSMITTING  TERMINATED  DIPOLE 


4  DESCRIPTIVE  NOtES  Type  of  report  mnd  Inclusive  date*) 

U  r s  ca r c h 


5  AUTHORfS)  (Lm*t  nmme  hratnerne  initial) 

Seelev.  El  win  W. 


6  REPO  RT  DA  T  E 

7  Kcbruar 


m  CONDUCT  OR  GRANT  NO 


9  a  ORIOINATOR'S  REPORT  NUM8LR|SJ 


b  PROJECT  NO 


DC  A  MI  PR  No.  4  1-4- 104  and 
ONR-418  P.  O.  6-0081 


NOLC  6  58 


9b  other  report  NOfS,)  (Ant  ofher  numb* rs  thmt  may  be  ««a/£ned 
thim  report) 


10  A  V  A  IL  ABILITY/ LIMITATION  NOTICES 


Distribution  of  this  document  is  unlimited 


M  SUPPLEMENTARY  NOTES 


13  abstract 


12  SPONSORING  MILITARY  ACTIVITY 


Defense  Communications  Agency 


The  need  is  cited  for  an  efficient,  easily  constructed  broad-band  VLF 
transmitting  antenna  for  ionospheric  and  other  research.  A  multicon¬ 
ductor  horizontal  dipole  is  investigated  experimentally  and  t  neoretically . 
The  radiated  E-field  equations  are  derived  for  the  terminated  dipole, 
and  field- streng  h  measurements  made  out  to  1400  km  confirm  the  equa¬ 
tions.  Two  such  dipoles  (a  5-conductor  over  soil  of  16  mmho/m  conduc¬ 
tivity,  and  another  with  10  conductors  over  a  lava  bed  of  0.8  mmho/m 
conductivity)  were  constructed  in  the  California  desert.  Measurements 
made  yielded  design  data;  impedance  measurements  to  obtain  propagation 
constants;  bandwidth;  attenuation  per  unit  length,  and  mutual  and  charac¬ 
teristic  impedances.  Methods  of  improving  efficiency  of  the  horizontal 
dipole  are  discussed. 


DD  1473 


0101 ‘807  0800 


UNC  LASSIFIED 

Security  Classification 


Security  Classification  UNCLASS1P  IKD 


Kl'  V  WORDS 


V  LF  Anlor.na 
Ti-Mismittiiiu 
H road  - ha  nd 
Dipole 


INSTRUCTIONS 


ORIGINATING  ACTIV  IT  Y:  Enter  the  name  and  address 
of  the  contractor,  subcontractor,  grantee,  Department  of  He* 
tense  activity  or  other  organization  fTorporaft*  author)  issuing 
t  he  report . 

2a.  REPORT  SECURITY  CLASSIFICATION:  Enter  the  over¬ 
all  security  c  lass  if  ic  at  ion  of  the  report-  Indicate  whether 
‘‘Restricted  Date"  is  included  Marking  is  to  be  in  accord¬ 
ance  with  appropriate  security  regulations. 

2f>.  GROUP.  Automatic  downgrading  is  specified  in  PoD  Dp 
rective  S200.10  und  Armed  Forces  Industrial  Manual.  Enter 
the  group  number.  Also,  when  appl  icable ,  show  that  options'- 
markings  ha\,e  been  used  for  Group  3  and  Group  4  as  author¬ 
ised 

3.  REPORT  TITLE:  Enter  the  complete  report  title  in  all 
capital  letters.  Titles  in  all  races  should  be  unclassified. 

If  a  meaningful  title  cannot  be  selected  without  classifica¬ 
tion,  show  title  classification  in  all  capitals  in  parenthesis 
immediately  following  the  title.  t 

4.  DESCRIPTIVE  NOTES:  If  appropriate,  enter  the  type  of 
report,  e.gJ;  interim,  progress,  summary,  annual,  or  final. 

Give  the  inclusive  dHtrs  vtien  a  specific  reporting  period  is  I 
covered, 

5.  AcJTHOR(S):  Enter  the  name(s)  of  author^)  as  shown  on 
or  in  the  report,  Ent  ei  last  name,  first  name,  middle  initial. 

If  military,  show  rank  and  branch  of  service.  The  name  of 
the  principal  author  is  an  absolute  minimum  requirement. 

().  K EPGKT  PATE-  Enter  the  date  of  the  report  as  day, 
month,  year,  or  month,  year.  If  more  than  one  date  appears 
on  tne  report,  vise  date  of  publication. 

7 a.  TOTAL  NUMBER  OF  PAGES:  The  total  page  count 
should  follow  normal  pagination  procedures,  t.  e. ,  enter  the 
number  of  pages  containing  information. 

75.  NUMBER  OF  REFERENCES:  Enter  the  total  number  of 
references  cited  in  the  report. 

H n  CONTRACT  OR  GRANT  NUMBER:  If  appropriate,  enter 
i  h  -  applicable  number  of  the  contract  or  grant  under  winch 
the  report  was  written. 

8b,  Hr,  &  Bd  PROJECT  NUMBER:  Enter  the  appropriate 
military  department  identification,  such  as  project  number, 
subproject  number,  system  numbers,  task  number,  etc 

9a.  ORIGINATOR’S  REPORT  NUMBER(S):  Enter  the  offi¬ 
cial  report  number  by  which  the  document  will  be  identified 
and  controlled  by  the  originating  activity.  This  number  must 
be  unique  to  this  report. 

4b.  OTHER  REPORT  NUMHERCS;:  It  the  report  has  been 
assigned  any  other  report  numbers  feif/ier  by  the  originator 
or  by  the  sponsor),  also  enter  this  nuniber(s). 

10.  AVAILABILITY  LIMITATION  NOTICES:  Enter  any  lim¬ 
itations  on  further  dissemination  uf  the  repor.,  other  lhan  those 


imposed  by  security  cl  ussil  nut  ion,  using  standard  statements 
such  as: 


“Qualifie  d  requesters  may  obtain  topics  of  this 
report  from  DDL" 

"Foreign  announcemen.  and  dissemination  of  this 
report  by  DDC  is  not  authorized." 

**U.  S.  Government  agencies  may  obtain  copies  uf 
this  report  directly  from  DDC.  Other  qualified  DDC 
users  shall  request  through 


“U.  S.  mi  lit. try  agencies  may  obtain  copies  of  this 
report  directly  from  DDC.  Other  qualn  *d  users 
shall  request  through 


“All  distribution  of  this  rt*port  is  controlled.  Qual¬ 
ified  DDC  users  shall  request  through 


If  the  report  has  been  furnished  io  the  Office  of  Technical 
Services,  Department  of  Commerce,  tor  sale  u»  the  public,  indi¬ 
cate  this  fact  and  enter  the  price,  if  known. 

11.  SUPPLEMENTARY  NOT FS:  Use  for  additional  explana¬ 
tory  notes. 

12.  SPONSORING  MILITARY  ACTIVITY.  Enter  the  name  of 
the  departmental  project  office  or  laboratory  sponsoring  fpu  -** 

for)  the  researc  h  and  development.  Inc  lude  address. 

13  ABSTRACT  Enter  an  abstract  giving  a  brief  and  fa  luul 
summary  of  the  document  indicative  of  the  rerorl,  even  *h  -ugh 
it  may  also  appear  elsewhere  in  the  body  of  the  technic  «■  re 
port.  If  additional  space  is  required,  a  continuation  sh<  *  i  shal 


It  is  high]  -  desirable  that  the  abMrac  t  of  <.  lassitu-d  reports 
be  unclassified  Each  paragraph  of  the  abstrai  t  sha!*  «  i.d  with 
an  indication  of  thr  military  security  classification  <>t  the  m 
formation  in  the  paragraph,  represented  as  *TSi  'M  C  r  <1 

Inhere  is  no  limitation  on  the-  length  of  (hr  abMru.  t  H>>w 
ever,  the  suggested  length  is  fr  >m  ISO  to  22S  words 

14  KEY  WORDS  K°v  words  are  trthnually  rr.e,imnk  Jnl  o-rrr 
or  short  phrases  that  characterize  a  report  .uni  myv  1m-  .v.i  a* 
index  entries  for  cataloging  the  report  Key  word  must  in 
stdected  so  that  no  sn unfy  classify  atn*n  is  requited  hi*  till 
tiers,  such  as  equipment  model  des i gna  lion.  trad*  n*»me  milu 
project  code  name,  geographic  lot  .it i on  may  be  used  as  key 
words  but  will  be  (.■Bowed  t>y  un  irldu  ulian  of  tec  him  a  I  i  on- 
text.  The  assignment  of  links,  roles,  and  weights  is  -pfional 


Id*  tin 
m  1 1  it  a  ry 
key 


UNC  LASS1FIK1) 

Security  Classification 


